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Aspergillus culture filtrates and sputum sols from patients with
pulmonary aspergillosis cause damage to human respiratory
ciliated epithelium in vitro
R. Amitani, T. Murayama, R. Nawada, W.J. Lee,
A. Niimi, K. Suzuki, E. Tanaka, F. Kuze
Aspergillus culture filtrates and sputum sols from patients with pulmonary aspergillosis
cause damage to human respiratory ciliated epithelium in vitro. R. Amitani, T. Murayama,
R. Nawada, W.J. Lee, A. Niimi, K. Suzuki, E. Tanaka, F. Kuze. ©ERS Journals 1995.
ABSTRACT: Aspergillus species frequently colonize lower respiratory tracts and
lungs with localized underlying conditions (healed tuberculous cavity, cystic fibrosis, bronchiectasis, etc.) even in subjects without systemic predisposing factors.
We investigated the in vitro effects of culture filtrates of Aspergillus species and
sputum sols from patients with pulmonary aspergillosis on ciliary beat frequency
(CBF) and epithelial integrity of human respiratory ciliated epithelium. Culture
filtrates of 25 clinically isolated fungi (16 Aspergillus fumigatus, three Aspergillus
niger, one Aspergillus flavus, three Candida albicans, and two Cryptococcus neoformans) were obtained by culturing the fungi in Medium-199 at 37˚C for 7 days, and
five sputum sols were obtained from patients with pulmonary aspergillosis infected by A. fumigatus.
During 6 h experiments using a photometric technique, 14 out of 16 A. fumigatus culture filtrates caused progressive and significant reduction in CBF associated
with marked epithelial disruption, whilst the culture filtrates of A. niger and A.
flavus caused minor epithelial damage without slowing of CBF, and Medium-199
alone (Control) showed neither epithelial damage nor slowing of CBF. All of the
sputum sols also caused significant slowing of CBF as well as epithelial disruption.
Culture filtrates of C. albicans and Cr. neoformans had no effects on human respiratory epithelium.
We conclude that Aspergillus species, especially A. fumigatus release a factor (or
factors) which causes damage to respiratory epithelium and slows CBF, and that
these factors may contribute to the colonization of the lower respiratory tracts by
the Aspergillus species and may possibly contribute to the further proliferation and
spread of the lesions in pulmonary aspergillosis.
Eur Respir J., 1995, 8, 1681–1687.

Aspergillus species are widely distributed as saprophytic pathogens, which are rarely found in the lower
respiratory tract in the general population in which both
systemic and localized host defences are intact [1].
However, Aspergillus species frequently colonize the
lower respiratory tracts of patients with localized underlying bronchopulmonary conditions, such as healed tuberculosis cavities, cystic fibrosis, bronchiectasis, which are
probably associated with impairment of localized host
defences, including mucociliary clearance of airways,
even in patients without compromised systemic host
defences [2–9]. Whereas, other pathogenic fungi, including Candida albicans, Cryptococcus neoformans and
Mucor, rarely colonize the lower respiratory tracts in
similar conditions.
Several kinds of bacteria, including Pseudomonas
aeruginosa, Streptococcus pneumoniae and Haemophilus
influenzae, are known to more frequently colonize the
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lower respiratory tracts in similar localized conditions
[10, 11], and it is already known that these bacteria release
cilio-inhibitory substances, which probably contribute to
their continuous colonization by perturbing the mucociliary clearance in the respiratory tracts [12–18].
Although there have so far been no reports, to our
knowledge, on the effect of Aspergillus species on human
respiratory ciliated epithelium, we have speculated that
some of the Aspergillus species also release cilio-inhibitory
factor(s) in order not to be overcome by mucociliary
clearance, which is a first line defence against invasive
pathogens in the respiratory tracts. Thus, the purpose of
the present study was to evaluate the ability of Aspergillus
species to damage the respiratory ciliated epithelium, by
investigating the effects of Aspergillus culture filtrates and
sputum sols from patients with pulmonary aspergillosis
on ciliary beating and epithelium integrity of human respiratory ciliated epithelium in vitro.
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Materials and methods
Isolation of fungal strains
Twenty consecutive clinical isolates of Aspergillus
species (16 strains of A. fumigatus, three strains of A.
niger, and one of A. flavus) were originally obtained from
sputum of patients with pulmonary aspergillosis in the
Chest Disease Research Institute, Kyoto University,
between 1991 and 1993. C. albicans (three strains) was
clinically isolated from patients with oral candidiasis and
Cr. neoformans (two strains) from patients with pulmonary cryptococcosis.
Preparation of fungal culture filtrates
After growth on slants of potato dextrose agar (PDA)
(Difco Laboratories, Detroit, USA) for 5 days at 37˚C,
conidia (2 × 107) of the Aspergillus species described above
were taken from each slant, and cultured in flasks containing 300 mL of Medium-199 cell culture medium (Gibco
Laboratories, Grand Island, NY, USA) without shaking, at
37˚C for 7 days. Spores (2 × 107) of the C. albicans and
Cr. neoformans described above were also taken from each
slant, and cultured in flasks containing 300 mL of Medium199 in the same way. After 7 days of culture, the fungi
were removed by passing the culture medium through
gauze, and then each culture filtrate was sterilized by MillexGV 0.22 µm millipore-filters (Japan Millipore Ltd, Tokyo,
Japan) and stored at -80˚C. Before use in experiments, the
pH of each culture filtrate was measured with F-22 pH
meter (Horiba, Ltd, Kyoto, Japan) (pH range of original
culture filtrates before adjustment was 8.1–8.3), and adjusted to 7.4 by addition of 1 M HCl to standardize the ciliary function assay. This adjustment required addition of
no more than 0.5% of the original volume of each culture
filtrate. The sterility of the culture filtrates was tested by
culturing for three days on PDA plates at 37˚C.
Preparation of sputum sols
Sputa were collected over 4 h in sterile pots, as free
from saliva as possible, from five patients (Nos. l–5) without any systemic underlying diseases, who were suffering from pulmonary aspergillosis infected by A. fumigatus.
The sputa collected had mucoid or mucopurulent appearance, with the purulent portion being less than about one
third. The samples were ultracentrifuged at 100,000 × g
for 60 min at 4°C to obtain the sputum sols. The sputum sols were sterilized by Millex-GV 0.22 µm milliporefilters. The pH of each sputum sol was measured with
the pH meter (range 6.5–8.1) and adjusted to 7.4 by addition of 1 M HCl or 1 N NaOH to standardize the ciliary
function assay prior to use in experiments. This adjustment required addition of no more than 0.5% of the original volume of each sputum sol. Sputa with purulent
appearance were collected from four bronchiectatic patients
(Nos. P1–P4) infected by P. aeruginosa during clinically

non-exacerbated status, and was processed in the same
way as described above for obtaining sputum sols.
Examination of epithelial damage by light microscopy
and measurement of ciliary beat frequency [16, 19]
Human nasal ciliated epithelium was obtained from
the inferior turbinate of normal-volunteers by a brushing technique using a cytology brush without local anaesthesia [19]. Strips of ciliated epithelium were dispersed
by agitation of the cytology brush in Medium-199. The
suspension of ciliated epithelium was divided into four
or five equal aliquots, and centrifuged at 200 × g for 5
min. The supernatant Medium-199 was aspirated and
replaced by an equal volume (400 µL) of Medium-199
in one sample (Control), and replaced by the test solutions, which consisted of the culture filtrates or the sputum sols of the patients, in the others. Each sample was
transferred to a sealed microscope slide-coverslip preparation and kept in an incubator at 37°C.
Ciliary beat frequency (CBF) was measured at 37˚C
using a photometric technique as reported previously
[16]. Ten readings of CBF were taken, from the same
epithelial strips of each slide selected at the beginning
of the experiment, at 1 h intervals throughout the 6 h
experiment. The slides were randomized at the beginning of each experiment so that the observer was unaware
of the nature of the samples that were tested in each
experiment. At each experimental time-point, an assessment of the ciliary beating pattern and the epithelial
integrity was made in addition to the measurement of
CBF [16]. During each experiment, a note was made of
any ciliary dyskinesia (disorganization of normal coordinated beating pattern), ciliostasis (complete cessation
of ciliary beating), or epithelial disruption. Epithelial
disruption was assessed subjectively by the same investigator and scored from – to +++: – (intact epithelium);
+ (mild disruption) was undulation of the epithelial strip
surface; ++ (moderate disruption) was undulation and
extrusion of individual cells from the epithelial strip surface; +++ (severe disruption) was total disorganization
of the epithelial strip surface.
Statistical analysis
The mean CBF of control and test preparations were
compared at each time-point, and the maximum percentage of the slowing of test CBF compared to control
was identified. At this time-point, the mean CBF (n=10)
of test and control preparations were compared using the
unpaired Student's t-test.
Results
Clinical characteristics of patients
The clinical backgrounds of the patients from whom
the fungi were isolated and used in the present study are
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Table 1. – Clinical characteristics of patients from whom fungal strains were isolated
Patient
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Fungus
isolated

Strain
No.

Age
yrs

Sex

A. fumigatus
A. fumigatus
A. fumigatus
A. fumigatus
A. fumigatus
A. fumigatus
A. fumigatus
A. fumigatus
A. fumigatus
A. fumigatus
A. fumigatus
A. fumigatus
A. fumigatus
A. fumigatus
A. fumigatus
A. fumigatus
A. niger
A. niger
A. niger
A. flavus
C. albicans
C. albicans
C. albicans
Cr. neoformans
Cr. neoformans

Af-1
Af-2
Af-3
Af-4
Af-5
Af-6
Af-7
Af-8
Af-9
Af-10
Af-11
Af-12
Af-13
Af-14
Af-15
Af-16
An-1
An-2
An-3
Afl-1
Ca-1
Ca-2
Ca-3
Cr-1
Cr-2

44
64
53
77
75
56
72
60
47
62
58
73
71
53
30
58
60
60
66
62
50
39
60
62
27

F
M
F
F
M
M
M
M
F
M
M
M
M
F
M
F
F
F
M
M
F
M
F
M
M

Fungal
disease
Invasive (CNPA)
Aspergilloma
Aspergilloma
Invasive (CNPA)
Aspergilloma
Invasive (CNPA)
Invasive (CNPA)
Aspergilloma
Aspergilloma
Invasive
Invasive
Invasive (CPNA)
Invasive
Aspergilloma
Aspergilloma
Invasive (CNPA)
Aspergilloma
ABPA
Invasive (CNPA)
Invasive (CNPA)
Oral candidiasis
Oral candidiasis
Oral candidiasis
Pul. cryptococcosis
Pul. cryptococcosis

Underlying
conditions
Old TB
Pul. emphysema
Bulla
None
Old TB
Bulla
Old TB
Old TB
Funnel Chest
IPF, Steroid (+)
Lung Cancer, Steroid (+)
Old TB
IPF, Steroid (+)
Old TB
Old TB
None
Old TB
Bronchial Asthma
Old TB
Bronchiectasis
None
None
None
None
None

A.: Aspergillus: C.: Candida; Cr.: Cryptococcus; M: male; F; female; Invasive: invasive pulmonary aspergillosis; CNPA: chronic necrotizing pulmonary aspergillosis; Aspergilloma: pulmonary aspergilloma; ABPA: allergic bronchopulmonary aspergillosis;
TB: pulmonary tuberculosis; IPF: idiopathic pulmonary fibrosis; Steroid (+): long-term steroid therapy; Pul.: pulmonary. Sputum
sols were obtained from patients Nos. 1–5.

shown in Table 1. Nine of 16 strains of A. fumigatus were isolated from patients with invasive pulmonary
aspergillosis, including six cases of chronic necrotizing pulmonary aspergillosis (CNPA) [20], whilst the
other strains of A. fumigatus were from pulmonary
aspergilloma [2, 3]. Each of three strains of A. niger
was isolated from a patient with CNPA, pulmonary
aspergilloma or allergic bronchopulmonary aspergillosis (ABPA) [21], and the strain of A. flavus was isolated from CNPA. Most of the patients did not have
any systemic underlying conditions except for an
advanced-staged lung cancer (No. 11) and long-term
steroid treatments (Nos. 10, 11, 13). Eighteen out of
20 patients with pulmonary aspergillosis had localized
underlying bronchopulmonary disorders, such as healed
tuberculosis (nine cases), bulla, pulmonary emphysema, bronchiectasis, and idiopathic pulmonary fibrosis.
The other two patients, however, apparently had neither localized nor systemic underlying disorders (Nos.
4 and 16).

The effects of Aspergillus culture filtrates on respiratory ciliated epithelium
Table 2 shows the mean (n=10) CBF values and the
degree of epithelial disruption obtained during the 6 h

experiments with culture filtrates of 20 strains of Aspergillus species. Fourteen out of 16 A. fumigatus culture
filtrates caused significant slowing of CBF (p<0.01) as
well as moderate to severe epithelial disruption after 6 h
as compared with the control. Most culture filtrates of
A. fumigatus did not slow CBF of human nasal cilia during the first hour of the experiments, except for five culture filtrates (Af-1–Af-3, Af-6 and Af-16). However,
subsequently, progressive slowing of CBF with marked
epithelial disruption was observed in these 14 culture filtrates (only the observations after 6 h are shown in table
2). In 13 A. fumigatus culture filtrates (Af-1–Af-4 and
Af-6–Af-14) ciliary dyskinesia was observed in some
epithelial strips 1–4 h after the beginning of experiments,
when the ciliary beating was beginning to slow, and in
eight A. fumigatus culture filtrates (Af-1–Af-4 and Af6–Af-9) ciliostasis was observed in some areas of the
epithelium after 3 to 6 hours incubation. Culture filtrates of A. niger and A. flavus did not reduce CBF over
6 h, but all of them caused mild-to-moderate epithelial
disruption. On light microscopy, moderate-to-severe
epithelial disruption was demonstrated in the epithelial
strips after 6 h incubation at 37˚C in 18 of 20 culture
filtrates of Aspergillus species (Af-1–Af-15, An-1, An2 and Afl-1) (fig. 1A and 1B); although the ciliated
epithelium showed intact integrity, or mild disruption at
most, after the 6 h incubation in the control (fig. 1C).
In contrast, culture filtrates of clinically isolated C. albicans
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Table 2. – In vitro ciliary beat frequency of human
respiratory cilia at each experimental time-point (1 and
6 h) after exposure to culture filtrates of Aspergillus
species
Strain
No.
Af-1 C.F.
Control
Af-2 C.F.
Control
Af-3 C.F.
Control
Af-4 C.F.
Control
Af-5 C.F.
Control
Af-6 C.F.
Control
Af-7 C.F.
Control
Af-8 C.F.
Control
Af-9 C.F.
Control
Af-10 C.F.
Control
Af-11 C.F.
Control
Af-12 C.F.
Control
Af-13 C.F.
Control
Af-14 C.F.
Control
Af-15 C.F.
Control
Af-16 C.F.
Control
An-1 C.F.
Control
An-2 C.F.
Control
An-3 C.F.
Control
Afl-1 C.F.
Control

Ciliary beat frequency Hz
At 1 h
At 6 h
8.3
14.0
10.4
14.0
10.4
14.9
13.0
14.0
13.9
13.7
10.3
14.1
13.2
13.2
12.9
13.2
12.8
13.7
14.2
14.4
15.5
14.9
15.3
14.9
13.1
14.1
12.9
14.1
12.1
14.1
13.2
14.0
12.7
13.2
13.1
13.9
13.2
13.2
12.5
13.9

(1.6)* ++
(1.8)
(2.2)* +
(1.8)
(2.7)* +
(1.7)
(1.6)
+
(1.8)
(1.8)
(1.1)
(2.6)* +
(1.2)
(1.4)
+
(1.3)
(2.0)
+
(1.3)
(2.4)
+
(1.1)
(1.7)
(1.7)
(1.5)
+
(1.9)
(1.5)
+
(1.9)
(1.9)
(2.0)
(1.2)
(2.0)
(1.4)* (1.2)
(1.8)
(0.8)
(1.6)
(1.3)
(1.8)
(2.3)
(1.1)
(1.3)
(1.5)
(2.3)
-

Ciliostasis*
14.4 (1.4)
2.1 (2.0)*
14.4 (1.4)
3.3 (4.0)*
14.6 (1.9)
3.7 (2.5)*
14.4 (1.4)
13.4 (1.7)
13.9 (1.7)
Ciliostasis*
14.0 (1.7)
Ciliostasis*
13.1 (1.2)
3.5 (3.7)*
13.1 (1.2)
5.3 (5.3)*
13.9 (1.7)
5.9 (2.2)*
13.8 (1.3)
6.9 (4.8)*
13.6 (1.8)
8.3 (3.4)*
13.6 (1.8)
7.9 (3.7)*
12.4 (1.4)
9.9 (1.8)*
12.4 (1.4)
11.8 (1.7)*
14.0 (1.2)
13.0 (1.9)
14.4 (1.4)
12.2 (1.5)
13.2 (1.2)
12.1 (1.7)
12.6 (1.0)
12.6 (1.5)
13.1 (1.2)
12.5 (1.5)
12.6 (1.0)

+++
+
+++
+
+++

-

+++
+
++

-

+++

-

+++

-

+++

-

+++

-

+++

-

+++
+
+++
+
+++

-

++

-

++

-

+
+
++

-

++

-

+

-

++

-

Values are represented as mean (SD) (n=10). C.F.: culture filtrate; Control: Medium 199. Degree of disruption of ciliated
epithelium is indicated as follows; – : intact; +: undulation
of the epithelial surface; ++: undulation and extrusion of individual cells from the epithelial surface; +++: total disorganization of the epithelial surface. *: p<0.01 with reference to
control value. Af: A. fumigatus; An: A. niger; Afl: A. flavus.

and Cr. neoformans had no effects on CBF but, in only
one strain, caused mild disruption to surface integrity of
respiratory epithelium, which was similar to that shown
in control experiments with Medium-199 after the 6 h
incubation (table 3).

Fig. 1. – The effect of culture filtrates of A. fumigatus on human
nasal ciliated epithelium assessed by light microscopy. After 6 h experiments, A) ciliated epithelium showed moderate disruption (++) in the
culture filtrate of Af-14; B) ciliated epithelium also showed severe disruption (+++) in Af-6 culture filtrate; C) in comparision the epithelium
is intact (–) in control fluid (Medium-199). (Original magnification ×
400; internal scale bars=25 µm).

The effects of sputum sols on respiratory ciliated epithelium
Figure 2 shows the mean (n=10) CBF values measured
throughout the 6 h experiments with the five sputum sols
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Table 3. – In vitro ciliary beat frequency of human respiratory cilia at each experimental time-point (1 and 6 h)
after exposure to culture filtrates of C. albicans and Cr.
neoformans
Strain
No.

Ciliary beat frequency Hz
At 1 h
At 6 h

Ca-1 C.F.
Control
Ca-2 C.F.
Control
Ca-3 C.F.
Control
Cr-1 C.F.
Control
Cr-2 C.F.
Control

14.6
13.6
13.0
14.2
14.0
14.1
13.5
13.6
13.7
14.2

(1.6)
(1.7)
(1.6)
(2.2)
(1.9)
(1.2)
(2.1)
(1.7)
(1.5)
(2.2)

-

13.1
13.1
14.2
14.3
14.5
12.6
13.2
13.1
14.1
14.3

(1.5)
(2.1)
(1.5)
(2.0)
(2.5)
(1.4)
(2.1)
(2.1)
(1.5)
(2.0)

+
-

Values are represented as mean (SD) (n=10). For symbols and
abbreviations see legend to table 2.

from patients with pulmonary aspergillosis (two with
CNPA and three with pulmonary aspergilloma) infected
by A. fumigatus. Of 20 patients, most expectorated only
a small quantity of sputum, hence enough sputum for experiments was obtained from only five patients (Nos. 1–5).
Appearance of the sputum was mucoid or mucopurulent,
but the purulent portion was less than one third of the
whole sputum. All of the five sputum sols caused significant (p<0.01) slowing of CBF associated with moderate
to severe epithelial disruption during the 6 h experiments,

a)

16

in comparison with both Medium-199 and the sputum
sol from the bronchiectatic patient (No. P-1) infected
by P. aeruginosa. The changes observed in CBF and
the epithelial structure were of a magnitude similar to
those caused by culture filtrates of A. fumigatus. Cilioinhibition was beginning to occur during the first 2 h
of the experiments, and continued slowing of CBF was
observed throughout the 6 h experiments. All the sputum sols from the patients with pulmonary aspergillosis also caused ciliary dyskinesia in some areas of the
epithelial strips during the last 4 h of the experiments,
and two sputum sols (Nos. 1 and 4) caused ciliostasis
in some epithelial strips after 6 h incubation. Whereas,
the sputum sol from the bronchiectatic patient (No. P1) infected by P. aeruginosa caused mild epithelial disruption, but did not slow CBF throughout the 6 h
experiments.
In another experiment using the same method, three
sputum sols obtained from bronchiectatic patients (Nos.
P-2–4) infected by P. aeruginosa caused mild (Nos. P2 and P-3) to moderate (No. P-4) epithelial disruption,
but did not slow CBF significantly during the 6 h experiments; P-2 sputum sol (at 1 and 6 h): 13.4 and 13.0
Hz; P-3 sputum sol l3.6 and 12.7 Hz; and P-4 sputum
sol 13.3 and 12.3 Hz, respectively; whereas, two sputum sols from pulmonary aspergillosis (Nos. 1 and 5)
caused significant CBF slowing with severe epithelial
disruption; No. 1 (at 1 and 6 h) 12.8 and 5.2 Hz; and
No. 5 13.2 and 9.5 Hz, respectively; and Medium-199
(control) had no effects on ciliated epithelium in the
same experiment.

b)

16
❍

●
❍

∆

❍
●

❍
●

●
❍

❍
●

❍
●

▲

12

❏

▲

∆

10

(±)
(+)

❏

8

▲

∆

✰
❏

∆
✰

▲

✰

∆

∆✱

▲

▲✱

❏

6

❏

★

4

❏✱

(++)
(++)
(+++)

14
Ciliary beat frequency Hz

Ciliary beat frequency Hz

14

Time h

4

5

6

●

❍
●

❍

❍
●

●

(–)
(+)

▲

∆

▲

∆

▲

∆

✰
∆

∆
✱

(++)

▲

✰

✱

8

★

▲

(++)

6
4

0
3

❍

10

0
2

❍
●

∆

2

1

▲

12

2

0

●

0

1

2

3

4

5

6

Time h

Fig. 2. – Mean values of ciliary beat frequency (CBF) measured throughout 6 h experiment with sputum sols from a) patients (Nos. 1, 3 and 5)
with pulmonary aspergillosis and from a patient (No. P-1) with bronchiectasis infected by P. aeruginosa. The mean CBF values are shown as follows; —❑— : No. 1 sputum sol; —▲—: No. 3 sputum sol; — — : No. 5 sputum sol; —●— : No. P-1 sputum sol; —❍— : control
(Medium-199). b) patients (Nos. 2 and 4) with pulmonary aspergillosis and from a patient (No. P-1) with bronchiectasis infected by P. aeruginosa.
The mean CBF values are shown as follows; —▲— : No. 2 sputum sol; — — : No. 4 sputum sol; —●— : No. P-1 sputum sol; —❍—
: control (Medium-199). ❋: p<0.01 with reference to values obtained in control (Medium-199) as well as in the the sputum sol from the
bronchiectacic patient (No. P-1). The degree of epithelial disruption is indicated in parenthesis as described in Table 2. ✰ : ciliary dyskinesia
first observed; ★ : ciliostasis first observed. Bars represent 1 SD. ❋: p<0.01 with reference to values obtained in control (Medium-199) as well
as in the sputum sol from the bronchiectacic patient (No. P-1).
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Discussion
We demonstrated in the present in vitro study that most
of the culture filtrates of clinically isolated A fumigatus
affected human respiratory ciliated epithelium by slowing CBF significantly and disrupting epithelial integrity
during the 6 h period at 37˚C, in comparison with the
control fluid (Medium-199), and that culture filtrates of
A. niger and A. flavus also disrupted human respiratory
epithelium without significant CBF slowing. On the
other hand, we did not demonstrate any effects of culture filtrates of other clinically isolated pathogenic fungi,
C. albicans (three strains) and Cr. neoformans (two
strains), on human respiratory ciliated epithelium throughout the 6 h experiments using the same methods.
Sputum sols from pulmonary aspergillosis infected by
A. fumigatus also caused significant slowing of CBF associated with epithelial disruption of human respiratory
epithelium in vitro, in comparison with sputum sol from
a bronchiectatic patient infected by P. aeruginosa.
Sputum consists of both host- and parasite-derived
components, and the host-derived neutrophil elastase has
been known to be capable of damaging respiratory epithelial [16, 22–24]. AMITANI et al. [16] reported that human
neutrophil elastase caused damage to human respiratory
ciliated epithelium at 100–500 µg·mL-1 and slowed CBF
at 500 µg·mL-1 in vitro. Nevertheless, the effects of the
sputum sols seem to be shared in greater part by the
Aspergillus-derived component, because all sputum samples obtained from pulmonary aspergillosis in this study
were all mucoid or mucopurulent, with the purulent portion less than one third, and because the sputa with less
cilio-inhibitory activity from bronchiectatic patients infected by P. aeruginosa had yellowish-green appearance,
which almost invariably suggested a higher concentration of neutrophil elastase [25].
Consequently, the results of the present study support
our speculation that Aspergillus species may release factor(s) which cause damage to human respiratory ciliated
epithelium, possibly to protect themselves from elimination by mucociliary clearance and to persist in the site of
their colonization of the lower respiratory tracts of patients
with underlying bronchopulmonary conditions which have
already affected the clearing system to some extent.
There have been many reports on Aspergillus colonization in the lower respiratory tracts and the lungs of
patients with localized underlying bronchopulmonary conditions, including healed tuberculous cavities, cystic fibrosis (CF), bronchiectasis and patients with ABPA, where
local host defence, especially mucociliary clearance, is
supposed to be already impaired [2–9]. Also, in patients
with CF or bronchiectasis of other causes, some species
of bacteria, including P. aeruginosa, St. Pneumoniae,
and H. influenzae, more frequently colonize the lower
respiratory tracts as a result of the impairment of mucociliary clearance of the airways. Many studies have been
carried out on the mechanisms of the bacterial colonization and the pathogenesis of chronic infections in
the lower respiratory tracts, and some cilio-inhibitory
substances, produced by P. aeruginosa, St. pneumoniae,
and H. influenzae have already been isolated [14–18,

26]. It is well-known that P. aeruginosa, in particular,
releases several cilio-inhibitory substances, such as phenazine pigments (pyocyanin, 1-hydroxyphenazine) [14, 26],
haemolysin (rhamonolipid) [15], and at least two kinds
of proteinases (elastase, alkaline protease) [16, 27–29].
It is also known that human neutrophil elastase causes
damage to the host tissues, including respiratory ciliated
epithelium, as well as to pathogenic micro-organisms [16,
23]. It has been suggested that these substances, derived
both from bacteria and host defence itself, may play important roles in the development of the colonization and subsequent obstinate chronic infections of the bacteria in the
lower respiratory tracts by disturbing ciliary movement,
disrupting the integrity of the epithelium, and stimulating mucus production, all of which may create a favourable
environment for bacterial proliferation [10, 11].
In addition to the bacteria, Aspergillus species, by itself
or in combination with bacteria, can colonize the lower
respiratory tracts with localized underlying disorders
where other pathogenic fungi rarely colonize. The reasons why, among many pathogenic fungi, Aspergillus
species almost exclusively colonize the lower respiratory tracts are not yet known.
Although there have been no reports, to our knowledge, on the direct effects of Aspergillus species on
human respiratory ciliated epithelium, the only one report
related to the epithelial damage caused by A. fumigatus
extract was made by ROBINSON et al. [30] in 1990. They
investigated the effects of A. fumigatus extract obtained
by sonication of the mycelium on human amniotic epithelium (not respiratory epithelium), to gain insight into the
significance of Aspergillus-derived substances in producing marked bronchial damage, which may lead to
proximal bronchiectasis, known to be one of the characteristic features in ABPA. In the study, they revealed
the ability of A. fumigatus extract to induce epithelial
cell detachment from the basement membrane, and also
revealed the presence of a proteinase in the A. fumigatus
extract. They concluded that the bronchial damage in
ABPA may be directly mediated by A. fumigatus-derived
products, including a chymotrypsin-like proteinase, as
well as by immunological mechanisms, particularly a
type III reaction within the airway wall. Since they
adopted an in vitro model consisting of human amniotic cells and native basement membrane as the target
tissue, it is urgently required that corresponding experiments using human respiratory ciliated epithelium should
be performed before any extrapolation can be made to
human respiratory tract disease.
In the present study, we investigated, for the first time,
the effects of the culture filtrates of Aspergillus species
and sputum sols from patients with pulmonary aspergillosis on human respiratory ciliated epithelium, and demonstrated ciliary beat slowing and epithelial damage in vitro.
This suggests that Aspergillus species, especially A. fumigatus, release a factor (or factors) that slows ciliary movement, disorganizes their beating, and disrupts epithelial
integrity. It is, therefore, tempting to speculate that human
respiratory epithelium in vivo might be similarly affected
by Aspergillus products. This property of Aspergillus species should be important in establishing the colonization
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and infectious process by rendering mucociliary clearance
less efficient than ever, thus allowing the organism to
multiply easily in the airways and the lungs. It might
also assist in the perpetuation and spread of existing infection within the airways and the lungs, thereafter.
The cilio-inhibitory activity of culture filtrates of A.
fumigatus isolated from three patients with both systemic
and localized compromised host defences were also detected. The significance of the cilio-inhibitory activity of
Aspergillus species in occurrence of invasive aspergillosis, especially in the systemic compromised host cannot
be elucidated in the present study; however, it is likely
that the activity may play a role even in the development
of invasive aspergillosis in the systemic compromised host.
In future studies, isolation and characterization of the
cilio-inhibitory factor(s) will be beneficial in order to
clarify the pathogenetic mechanisms of Aspergillus colonization in the lower respiratory tracts, and also the mechanisms of the fungal spread in pulmonary aspergillosis.
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